We analyze supersymmetric contributions to the branching ratios and CP asymmetries of
the possibility that supersymmetric CP violating phases can affect our determination for the angle γ in the unitary triangle of Cabibbo-KobayashiMaskaw mixing matrix. We calculate the gluino and chargino contributions to b → u(cs) and b → c(ūs) transitions in a model independent way by using the mass insertion approximation method. We also revise the D 0 −D 0 mixing constraints on the mass insertions between the first and second generations of the up sector. We emphasize that in case of negligible D 0 −D 0 mixing, one should consider simultaneous contributions from more than one mass insertion in order to be able to obtain the CP asymmetries of these processes within their 1σ experimental range. However, with a large D 0 −D 0 mixing, one finds
Introduction
Recently, the BaBar collaborations have measured the charge CP asymmetries A CP ± and the branching ratios R CP ± of the B − → D 0 K − and B − →D 0 K − decays [1] . The following results have been reported: and b → c(ūs) transitions respectively. Therefore, their SM contributions at tree leve are suppressed by the CKM factors V cs V * ub and V * us V cb which are of order 10 −3 . This gives the hope that it may be possible for a new physics beyond the SM, like supersymmetry, which contributes to these decays at one loop level to manifest itself and compete the SM. In this paper we aim to investigate this possibility and check, in a model independent way, whether supersymmetry can significantly modify the CP asymmetries in B − → DK − processes and hence affects the determination of the angle γ. Therefore, we perform a systematic analysis of the SUSY contributions to B → DK processes. We compute SUSY contributions to b → u(cs) and b → c(ūs) transitions through the gluino and chargino exchange, using the mass insertion approximation method. This approximation is quite useful tool for studying the SUSY contributions to the flavor processes in a model independent way. We show that the gluino box diagrams give the dominant SUSY contribution while the chargino exchanges lead to subdominant contributions. It turns out that the D 0 −D 0 mixing may limit the gluino contribution to B − → DK − due to the stringent constraints on the mass insertions between the first and second generations in the up sector, (δ u AB ) 12 . Thus in our analysis, we revise the D 0 −D 0 mixing constraints [3] and take them into account. We find that with a single mass insertion, the SUSY contribution to B − → DK − decay will be much smaller than the SM result.
Nevertheless, with simultaneous contributions from more than one mass insertion, the SUSY effect can be enhanced and the results of the CP asymmetries become within 1σ experimental range, while the D 0 −D 0 mixing constraints are satisfied.
The paper is organized as follows. In section 2 we study the CP asymmetries and the branching ratios of B − → DK − in the SM. We show that in the SM the branching ratios R CP ± are within the experimental range. While the CP asymmetry A CP + is below its 1σ experimental lower bound and the value of A CP − is typically negative. In section 3 we compute the gluino and chargino contributions to b → u(cs) and b → c(ūs) transitions in terms of the mass insertions. Section 4 is devoted for analyzing the SUSY contribution to D 0 −D 0 mixing and revise the possible constrain on the mass insertions (δ u AB ) 12 . The analysis of SUSY contribution to CP asymmetries A CP ± and branching ratios R CP ± is given in section 5. We show that in case of negligible D 0 −D 0 mixing, one should consider simultaneous contributions from more than one mass insertion in order to obtain A CP ± within their 1σ experimental range. Nevertheless, the usual relation: Fig.(1) : color-favored tree (T), color-suppressed tree (C) and annihilation (A). These processes are given in terms of the CKM factors λ c = V cb V * us , λ u = V ub V * cs . The decay B − → D 0 K − receives contributions from T and C with factor λ c , while B − →D 0 K − get contributions from C and A in terms of λ u . Since the contributions from the annihilation process to the matrix elements are quite suppressed at the leading order correction [4] , it is quite reasonable to assume that A = 0. In our analysis we will adopt this approximation and therefore the general parametrization of the SM amplitudes of B − → DK − decays can be given by
where δ i , i = 1, 2 are the strong (CP-conserving) phases.T andC refer to the color allowed and color suppressed tree amplitudes involving b → c(ūs) while C is related to the process b → u(cs). In terms of the two CP-eigenstates of the neutral D meson system, D and the charge asymmetries A CP ± :
We define the ratio of the SM amplitudes of
According to Eqs. (3, 4) , r B = |A 2 /A 1 | and δ B = δ 2 − δ 1 . Using this parametrization, one finds that R ± ≡ R CP ± is given by
and A ± ≡ A CP ± takes the form
From Eq.(8) one gets
Thus, by using the expressions for the CP asymmetries A ± in Eq. (9), one can factorize the dependence on the strong phase and gets the following expression for the angle γ in terms of R ± , A ± and r B only:
From this expression, one can easily see that the central experimental values of R ± and A ± with r B ≃ 0.1 implies that the angle γ is of order γ ≃ 71
• . It is worth mentioning that within the SM, the effect of the D 0 −D 0 mixing is very small on extracting the angle γ using the B − → DK − decays. As emphasized in Ref. [5] , neglecting this mixing implies an error in determining γ of order 0.1 − 1
• .
In order to analyze the SM predictions for the A ± and R ± and compare them with the experimental results reported in Eqs. (1, 2) , let us consider the SM contributions to the b → u(cs) and b → c(ūs) transitions. As shown in Fig. 1 , within the SM the B − → DK − are pure 'tree' decays. The effective Hamiltonian of this transition is given by
where C i and Q 
However, due to the QCD renormalization to the scale µ ≃ m b , C 1 and C 2 get mixed, as will be discussed in more details in the next section, and one finds
To evaluate the SM results to the decay amplitude of B − → DK − , we have to determine the matrix elements for the operators Q u,c 1,2 . A detailed analysis for the matrix elements will be given in the next section. Here, we just give the matrix elements for these four operators in naive factorization:
where
There are two comments in order: i) The naive factorization can not determine the strong phases, therefore, in our analysis we consider these phases as free parameters. ii) As mentioned above, the factorized matrix element
corresponding to an annihilation process is suppressed as showed in Ref. [4] , and can be neglected. Therefore,
and
Fixing the hadronic parameters as follows: 
Note that it is customary assumed that with a large uncertainty, the SM prediction for r B may be much larger than the above value (can be O(0.1), see Ref. [6] ). Here we will use the value that we obtained in Eq. (21) as a typical value for the SM contribution. In order to have a general picture of the SM predictions for the CP asymmetries A ± and the branching ratios R ± , we plot in Fig As can be seen from the results in Fig.2 , the SM predictions for the branching ratios R ± are within the 1σ experimental range. However, the results for the CP asymmetry A + are below its experimental lower bound. Also the SM leads to a negative CP asymmetry A − which is still consistent with its experimental results in Eq(1), due to the large uncertainties in these measurement. Therefore, more precise measurements would be very important in analyzing the SM predictions for R ± and A ± and, hence, in determining the value of the angle γ.
SUSY contributions to b → u(cs) and b → c(ūs)
The crucial point to note from the previous section, is that the SM contributions to the amplitudes of b → u(cs) and b → c(ūs) transitions are suppressed by the CKM factors
respectively. Therefore, it may be possible to have a comparable effect from new physics at one loop level which can compete with the SM tree level contribution. In this section we study the supersymmetric contributions to the b → u(cs) and b → c(cs) transitions. In this case, the effective Hamiltonian H ∆C=1 eff for the b → u(cs) can be expressed as
where C 
where α and β refer to the color indices. L, R are given by (1 ∓ γ 5 ) respectively and
by the chirality exchange L ↔ R. In the SM, the coefficientsC u i are identically vanish, while in SUSY models, they receive contributions from both gluino and chargino exchanges. The corresponding operators for b → c(ūs) can be obtained from the above expression by exchanging u ↔ c.
The dominant SUSY contribution to the b → u(cs) transition can be generated through the box-diagrams with gluino exchange, as in Fig.3 , and chargino exchange, as in Fig.4 . From these figures, one can see that the b → u(cs) transition is based on two topologically distinct box diagrams only for gluino or chargino exchange. This is unlike the b → d and b → s transitions that contribute to B −B mixing, where four topologically distinct box diagrams are included [7] . Therefore, it is expected that the Wilson coefficients for this process are different from those obtained in the literature for b → s transition. It is also worth mentioning that contributions through penguin diagrams to these transitions are always hybrid (i.e., contain internal SUSY and SM particles). Therefore, they are suppressed by V ub in addition to the usual loop suppression factor, hence they are much smaller than the pure SM or pure SUSY contributions. Thus, the Wilson coefficients at m W scale can be expressed as follows
We evaluate the SUSY contributions to the Wilson coefficients by using the mass insertion approximation. The Mass insertion approximation is quite useful method in order to perform model independent analysis of flavor changing processes in general SUSY models. In our analysis we set to zero the contributions that are proportional to to the Yukawa coupling of light quarks. Also, we use the approximation of retaining only terms proportional to order λ. In the case of the gluino exchange all the above operators give significant contributions and the corresponding Wilson coefficients are given by
The mg is the gluino mass and them 2 is an average squark mass. The functions f 6 (x) andf 6 (x) are the same as the loop function obtained in case of b → d(qq) and are given by
The [7] . In this respect, it is clear that the expression used in Eq. (9) in Ref. [3] for H b→u(cs) eff is incorrect. Now let us turn to the chargino contributions to the effective Hamiltonian in Eq.(22) in the mass insertion approximation. The leading diagrams are illustrated in Fig.4 , where the cross in the middle of the squark propagator represents a single mass insertion. Within the above mentioned approximation where we neglect contributions proportional to the light quark masses, one find that the relevant chargino exchange affects only the operator Q 1 , as in the SM and the corresponding Wilson coefficient is given by
where α = g 2 /4π and g is the SU(2) gauge coupling constant. The λ parameter stands for the Cabibbo mixing, i.e., λ = 0.22. The U ij and V ij are the unitary matrices that diagonalise the chargino mass matrix and y t is the top yukawa coupling. The
and the functions L 0 (x, y) and L 2 (x, y) are given by [7] 
Finally, we have also neglected the small contributions from the box diagrams where both gluino and chargino are exchanged as in Ref. [8] .
To obtain the Wilson-coefficients at the scale m b one has to solve the corresponding renormalisation group equations. The solution is generally expressed as
where U ij (m b , m W ) is the evolution matrix given by the 8×8 anomalous dimension matrix of leading order (LO) corrections in QCD [9] . Note that we have not included the operators Q 9,10 since they have zero matrix elements at LO and also they do not mix with the other operators in the evolution from m W scale down to m b scale.
whereV diagonalizes theγ 
and γ (0) is the diagonal elements ofγ 
As can be seen from the above matrix that the mixing between different operators is divided into blocks. Each block contains two operators (Q i , Q i+1 ), i = 1, 3, 4, 7 and with no mixing between different blocks [10] . Let us now consider the evaluation of the hadronic matrix elements of the above operators which represents the most uncertain part in this calculation. In the limit of neglecting QCD corrections and m b ≫ Λ QCD , the hadronic matrix elements of B − → DK − decay can be factorized. The hadronic matrix elements for the operators Q u i are given by
While the hadronic matrix elements for the operators Q c i are given as follows:
where X and Y are given in Eq. (18) . 
where the ratio q/p can be written in terms of the off-diagonal element of the mass matrix: q/p = M * 12 /M 12 and q/p = 1 is an indication for the CP violation through mixing. The strength of D 0 −D 0 mixing is described by the mass difference
The present experimental results for ∆M D is given by [15] (∆M D ) exp < 1.7 × 10 −13 GeV.
The CP asymmetry of the D 0 andD 0 meson decay to CP eigenstate f is given by
where S f and C f represent the mixing and direct CP asymmetry respectively and they are given by
The parameterρ(f ) is defined byρ(f ) =
. Generically, the ∆M D and S f can be calculated by
Here H ∆C=2 ef f is the effective Hamiltonian responsible for ∆C = 2 transition. In the framework of the SM, this transition occurs via box diagram in which two virtual down quarks and two virtual W bosons are exchanged. The ∆M
As can be seen from this expression, the SM predicts a very small D 0 −D 0 mixing. Note that, in the above estimation for ∆M SM D , the b-quark contribution has been neglected since it is much smaller due to the CKM suppression. Also, the CP violation is absent in the mixing and in the dominant tree level decay due to the involving of the first two generations only.
In supersymmetric theories, the dominant contributions to the off diagonal entry in the D 0 -meson mass matrix,
where Mg 12 , and Mχ + 12 correspond to the gluino and chargino contributions respectively. The effect of supersymmetry can be parameterized as follows
where ∆M D = 2|M 
where C i (µ),C i (µ) and Q i (µ),Q i (µ) are the Wilson coefficients and operators respectively renormalized at the scale µ, with
In addition, the operatorsQ 1,2,3 are obtained from Q 1,2,3 by exchanging L ↔ R.
In the case of the gluino exchange all the above operators give significant contributions and the corresponding Wilson coefficients are given by [17] In the case of the chargino exchange the operator Q 1 only gives a significant contribution [14] . At the first order in the mass insertion approximation, the Wilson coefficient
, and the function L 2 (x, y) is as given in Eq.(38).
As usual, the Wilson coefficients C i (µ) are related to C i (m W ) by [18] 
where η = α S (m W )/α S (µ) and the coefficients b
, and a i appearing in (59) can be found in Ref. [18] . Also the matrix elements of the operators Q i in the vacuum insertion approximation are given by [17] 
The same results are also valid for the corresponding operatorsQ i since strong interactions preserve parity.
We From this expression, we can see that the strongest constraint will be imposed on the product (δ As usual in this kind of analysis, the most conservative constraints on the mass insertions can be obtained by considering the contribution due to a single mass insertion per time and set all other ones to zero. In table I, we present the results for the upper bounds on the relevant mass insertions from the experimental constraint on ∆M D for x = 1/4, 1, and 4. We find that these bounds on (δ u AB ) 12 are more stringent than those obtained from the chargino contribution to the K 0 −K 0 in Ref. [14] . In fact, the (δ u LR ) 12 and (δ u RL ) 12 are completely unconstrained by the chargino contribution to K 0 −K 0 mixing. Therefore, their bounds in the above table are the only known constraints. However, we should mention that these constraints may be relaxed if one consider simultaneous contributions from more than one mass insertion. In this case, a possible cancellation may occur which reduce the SUSY contribution significantly and leave a room for a larger mass insertion. Finally, we comment on the CP violation in this process. As emphasized above, the SM contribution to D 0 −D 0 is real since it is proportional to V * cs V cd . Furthermore, it is much smaller than the dominant gluino contribution. Therefore CP violating phase θ c in Eq.(54) can be written as
In case (δ u LR ) 12 gives a dominant contribution to Mg 12 , θ c will be given by 
The sign difference between the Wilson coefficients C i andC i in the above equations is due to the fact that the initial and final states of B − → DK − decays have opposite parity 
R
where R i stands for the corresponding absolute value of |A SU SY /A SM |, the angles φ i are the corresponding SUSY CP violating phase, and
are the strong phases. In this respect, our previous definition for the SM ratio of the amplitudes of (7) will be generalized as follows
1 + R 2 e iφ 2 , and φ B = arg
Note that, for simplicity, we have assumed that the SM and SUSY strong phases are equal. In this case, the ratios R ± and the CP asymmetries A ± take the form
As shown in Eq.(69), the deviation of R B from the standard model value r B is governed by the size of R 1 and R 2 . Therefore, we start our analysis by discussing the dominant gluino contributions to R 1 and R 2 . We choose the input parameters asm = 250 GeV, x = 1 we obtain
Using the fact that the mass insertion is less than or equal one, we find that
It is worth mentioning that (δ d AB ) 23 is constrained by the experimental results for B → X s γ decay. These constraints are very weak on the LL and RR mass insertions and they can be of order one. However, they impose stringent upper bounds on the LR and RL mass insertions, namely [11] . Concerning the (δ u AB ) 12 , the important constraints on these mass insertions are due to the D 0 −D 0 mixing. Applying these constraints one finds that R 1 is also quite small and the SM gives the dominant contribution. Therefore, there will be no chance to modify the results obtained in Fig. 2 . However, as advocated in the previous section, these constraints can be relaxed if one allows for simultaneous contributions from more than one mass insertion, which is the case in any realistic model. In this case, one can easily observe that different combinations of (γ, φ 1 ) can lead to values for the A ± within the experimental range. Therefore, the supersymmetric CP violating phases may affect the extraction of the angle γ. As an example, let us consider the case where R B is enhanced from 0.05 (SM value) to 0.1 and the phase φ B is given by 70
• , which can be obtained by γ ∼ π/3 and φ 1 ∼ π/2 or γ ∼ π/2 and φ 1 ∼ π/3. In this case, one finds that
Therefore, we can conclude that the SUSY contributions to B − → DK − imply that A + and A − are within their 1σ experimental range simultaneously, unlike the SM results. Finally, it is important to mention that in this scenario it is a challenge to find a realistic SUSY model that accommodates these results and satisfies all other constraints. Also the observation of A + indicates that the ratio of the amplitudes for the processes B − →D 0 K − and B − → D 0 K − is larger than 0.1 which is rather difficult to obtain in the SM, so it may be a hint for a new physics effect. as
where q/p is defined, as in the previous section, by
As shown in Eq.(63), the phase θ c is of order one . The functions g ± (t) is given by [20] 
, where Γ = Γ D 1 + Γ 2 , one finds
Here τ = Γt. In this case, the decay amplitudes of B − → DK − are given by
Also the decay rates are defined as [20] 
Therefore, one finds that
where G i are given by
The CP asymmetries A CP 1,2 are defined by
Thus one can easily prove that 
It is interesting to note that these values of the CP asymmetries depend on the CP violating SM phase γ and the SUSY phase in the b → u transition φ 1 , which contribute together to φ B as in Eq.(69), in addition to the D 0 −D 0 mixing phase θ c . Therefore, the determination of the angle γ relies on the new SUSY phases φ 1 and θ c . This confirms the fact the our determination of the SM angel might be influenced by a new physics effect.
Conclusions
In this paper we have studied supersymmetric contributions to B − → D 0 K − and B − → D 0 K − processes. We have shown that in the SM, the branching ratios R CP ± of these processes are within the experimental range. However the CP asymmetry A CP + is below its 1σ experimental lower bound and the value of A CP − is always negative. We have performed a model independent analysis of the gluino and chargino contributions to b → u and b → c transitions. We have used the mass insertion approximation method to provide analytical expressions for all the relevant Wilson coefficients. 
